BIOORGANIC &
MEDICINAL CHEMISTRY
LETTERS

Bioorganic & Medicinal Chemistry Letters 9 (1999) 2141-2144

Pergamon

—

FORMATION OF 8-0XO0-7,8-DIHYDRO-2'-DEOXYGUANOSINE
UNDER ANAEROBIC CONDITIONS BY REDUCTIVELY
ACTIVATED NITRO 5-DEAZAFLAVIN DERIVATIVES

Yuji Mikata,a* Maki Kishigami,2 Mamiko Nishida,2 Shigenobu Yano,2
Tetsuji Kawamoto,b* Yoshihiro Ikeuchi,P and Fumio Yonedabx1
ADepartment of Chemistry, Faculty of Science, Nara Women's University, Nara 630-8506, Japan

bFaculty of Pharmaceutical Sciences, Kyoto University, Sakyo-ku Kyoto 606-8501, Japan
Received 9 April 1999; accepted 10 June 1999
Abstract: Electrolytically reduced 6- and 8-nitro-5-deazaflavin derivatives have been found to interact to react
specifically with guanine base by means of cyclic voltammetry. Electrolytic reductions of 6- and 8-nitro-5-
deazaflavin derivatives in the presence of the 2'-deoxyguanosine under anaerobic conditions resulted in
prominent formation of 8-0x0-7,8-dihydro-2'-deoxyguanosine. © 1999 Elsevier Science Ltd. All rights reserved.

8-0Ox0-7,8-dihydro-2'-deoxyguanosine (8-hydroxy-2'-deoxyguanosine, 8-0x0dGuo)2 (Scheme 1)is
one of the major products of oxidative DNA damage and has attracted considerable attention as a consequence
of its capacity to induce mispairing and its mutagenic abilities.3 Formation of 8-0xodGuo caused by ROS,2:4
photosensitizers,d and some carcinogens® has been studied well, however, its formation by reductively
activated nitrohetero-aromatic compounds under anaerobic conditions has not been reported.

Recently, we have developed nitro 5-deazaflavins/ (Scheme 1) as novel class of nitrohetero-aromatic
compounds containing an electrophilic redox coenzyme ring system and showed their marked selective
toxicities towards hypoxic cells7b as well as DNA damaging effects7C under anaerobic conditions. Since the
nitro 5-deazaflavin derivatives have higher one-electron reduction potentials 72, than other nitrohetero-aromatic
compounds, they would be anticipated to be readily activated by intracellular reductases to give rise to greater
oxidative DNA damage under anaerobic conditions.”¢ In the course of our study of mechanisms for their
biological actions, we have found that reductively activated nitro 5-deazaflavin derivatives interact to react
specifically with guanine moiety, resulting in prominent formation of 8-oxodGuo. In the present paper, we
wish to describe the formation of 8-oxodGuo by reductively activated nitro 5-deazaflavin derivatives under
anaerobic conditions.
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Compounds 1-5 (Scheme 2) were synthesized according to Yoneda's method.”’3:¢ Condensation
reactions of 6-butylaminouracil or 6-butylamino-3-methyluracil with 2-fluoro-6-nitrobenzaldehyde, 2-fluoro-4-
nitrobenzaldehyde, or 2-fluorobenzaldehyde in DMF afforded 1-5 respectively in 70-88%.

1; R1 = CH3, R2 = n-CsH17, R3 = 6-NO2
2; Ry = CH3, R2 = n-CsH17, R3 = 8-NO2
3; Rq1 =H, R2 = n-C4H9, R3 = 6-NO2
4; Ry =H, R2 = n-C4H9, R3 = 8-NO2
5; R1 =H, R2 = n-C4Hs, R3 =H
Scheme 2.

Interactions of reductively activated nitro 5-deazaflavin derivatives with 2'-deoxyribonucleosides were
investigated by means of cyclic voltammetry (CV).8 As Figure 1a shows, 6-nitro-5-deazaflavin 1 (Scheme 2)
in DMF affords two reversible reduction processes (Ep = —0.546 V and ~0.892 V vs Ag/AgCl), suggesting
that 1 generates stable one- and two-electron reduction products.7b Prominent changes in the CV behavior of
1 corresponding to one-electron redox couple were observed in the presence of 2'-deoxyguanosine (dGuo)
(Figure 1b), showing that chemically irreversible processes9 are growing as the concentration of dGuo
increases. The similar CV changes have also been found in the presence of guanosine and 9-ethylguanine. No
significant CV changes in one-electron redox couple were found in the presence of 2'-deoxyadenosine (dAdo),
thymidine (dThd) and 2'-deoxycytidine (dCyd). The above experimental results were similarly obtained in 8-
nitro-5-deazaflavin 2 (Scheme 2). These results suggest that the one-electron reduction product(s) of 1 and 2
interact to react specifically with guanine moiety.

To elucidate the reaction of the reduced nitro 5-deazaflavin derivatives with guanine moiety, electrolytic
reductions’10 of 6-nitro-5-deazaflavin 3 and 8-nitro-5-deazaflavin 4 (Scheme 2, 1.0 mM), more hydrophilic
compounds!! in comparison with 1 and 2, in the presence of nucleosides (0.1 mM) were carried out at a
controlled potential of -600 mV vs Ag/AgCl in DMF and in DMF containing 1.5 mM sodium citrate buffer
solutions under argon stream at 298 K. The reactions were monitored by means of an HPLC method coupled
to UV detector (at 256 nm) and ECD (at 600 mV). 12 Ag Figure 2 shows, no significant degradation of dAdo,
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Figure 1. Cyclic voltammograms of compound 1 (a) and compound 1 in the presence of dGuo (b)
(at 298K, in DMF, under N, [1] = 1.0 x 10°3 (M), [BugNClO4] = 1.0.x 10-1 (M), [dGuo] = (1) 0, (2) 1.0 x 1073,
(3)3.0x 103, (4)5.0x 1073, (5)1.0x 102 (M), versus an aqueous Ag/AgCl reference electrode, scan rate v = 100 mVs-1).
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Figure 2. Degradation of 2'-deoxyribonucleosides
(dGuo, circle; dAdo, square; dCyd, triangle; dThd,
rhombus) induced by electrolytic reduction of 3

(at 298K, under Ar, in 25% DMF containing 1.5 mM sodium
citrate buffer , [3] = 1.0 x 10°3 (M), [Nucleoside] = 1.0 x 104
M)).
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Figure 3. Formation of 8-oxodGuo by electrolytic
reduction of 3 in the presence of dGuo in DMF
(triangle) and DMF (25%, circle; 50%, square; 75%,
rhombus) containing 1.5 mM sodium citrate buffer
solutions

(at 298K, under Ar, [3] = 1.0 x 10-3 (M), [dGuo] = 1.0 x 10~%

M)).

dThd, and dCyd was found. Interestingly enough, significant formation of 8-oxodGuo concomitant with
degradation of dGuo has been observed as the reduction of 3 and 4 proceeded (Figure 2 and 3).13 Electrolysis
of the dGuo solutions at a controlled potential of 600 mV in the absence of 3 and 4, and electrolysis in the
presence of a 5-deazaflavin derivative 5 (Scheme 2) with no nitro group has been found to induce essentially no
formation of 8-oxodGuo nor degradation of dGuo.14 Furthermore, an addition of dGuo to the reaction
solution after completion of electrolytic reductions of 3 and 4 induced no significant modification of dGuo.
These results suggest that reduction intermediate(s) of 3 and 4 interact to react specifically with dGuo giving
rise to formation of 8-oxodGuo.

It is worthy of notice that the formation of 8-0xodGuo has been found to be enhanced as the water
content of the employed reaction solution increases. When 1.0 x 10-3 (M) of 3 was subjected to electrolytic
reduction in the presence of 1.0 x 10-4 (M) of dGuo in 25 % DMEF containing sodium citrate buffer for 8
hours, formation of about 2 x 10-3 (M) of 8-oxodGuo was observed as major product concomitant with
degradation of 40% of dGuo employed (Figure 3). Essentially no formation of 2,4-diamino-5-
formamidopyrimid-6-ones (FapyGua and its derivatives) 13 was found by means of HPLC analysesl5,16’17
in the present reaction system. In order to investigate the reaction mechanism for formation of 8-oxodGuo,
electrolysis of 3 and 4 in the presence of dGuo in the reaction solution containing 95% [18O]H20 (50% DMF
containing 1.5 mM sodium citrate buffer) was carried out under anaerobic condition. GC-MS analysis of
tetrakis(trimethylsilyl) derivative 8 of 8-o0x0-7,8-dihydroguanine gave a molecular ion peak of m/z 457 (M¥)
concomitant with a peak of m/z 442 (M+-CH3) which corresponds to the molecular weight of [180]-8-oxo-
7,8-dihydroguanine, indicating an incorporation of an 180 atom from the solvent into the guanine moiety
(Scheme 1).

The above experimental results imply that reduced 6- and 8-nitro-5-deazaflavin derivatives could induce
oxidative DNA darnage19 at dGuo to generate 8-oxodGuo under hypoxic conditions, which would lead to their
selective cytotoxicities towards hypoxic cells. In conclusion, we have first demonstrated that reductively
activated 6- and 8-nitro-5-deazaflavin derivatives interact to react specifically with guanine moiety, giving rise
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to formation of 8-oxodGuo. The detailed reaction mechanism for formation of 8-oxodGuo by reductively
activated 6- and 8-nitro-5-deazaflavin derivatives is under investigation.

We are grateful to Professor S. Kojo of Nara Women's University for helpful discussion for HPLC-

ECD analysis of 8-oxodGuo.
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